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To date, photo-luminescence (PL) imaging of GaAs wafers affords 
the only non-contact and non-destructive characterization of microscopic 
material inhomogeneity within a depth of less than one micrometer. Material 
inhomogeneity refers to spatial variations in the distribution of dopants, 
and native defects which usually occur unintentionally, and can cause 
considerable variations in transistor characteristics over a water surface. 
The major source of this material inhomogeneity is associated with the 
accumulation or depletion of these point defects around dislocation sites 
during boule formation and cooling. Therefore dislocation density and 
distribution have been of primary importance in measuring material inhomo-
geneity. A common way of determining the dislocation density near the 
surface of GaAs wafers is to etch the wafer and count pits over regions 
of the surface. This is laborious, destructive, and not representative 
of wafers from other positions in the ingot; in fact it has been shown 
[1] that the dislocation network in semi-insulating LEC GaAs wafers varies 
dramatically as a function of position along the boule. Infrared trans-
mission images of GaAs wafers are sensitive to the distribution of near-
midgap impurity states but they are taken through the entire thickness 
of the wafer and therefore lack sensitivity to the surface fabrication 
region of interest. X-ray topography can also be used to examine dis-
location networks through the wafer but also lacks surface sensitivity 
and requires severa! hours of exposure in order to obtain a full wafer 
topograph. Neither infrared transmission nor X-ray topography can furnish 
any information on uniformity of epitaxial layers. 
Several papers have appeared recently showing a connection between 
PL and dislocation density [2-6] as well as between dislocation density 
and transistor electrica! characteristics and spreading resistance [7-9], 
suggesting that PL maps are related not only to material non-uniformities, 
but that the relative variation of FET threshold voltages over a wafer 
surface scales proportionally with the relative variation of PL emission 
over that surface. 
In this contribution we describe a scanning technique which, in 
20 minutes, produces a digital PL image of a full GaAs wafer consisting 
of 1024 by 1024 picture elements, and has an effective spatial resolution 
of 50 ~m over a wafer 51 mm in diameter. A second scanning arrangement 
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is used to obtain more detailed PL images of single dislocations in low 
dislocation density, indium-doped GaAs wafers with spatial resolution 
of about 2 ~m. Other workers have also reported line scans of PL along 
the surface of a wafer and low resolution two-dimensional mapping [4,10-1~ 
EXPERIMENTAL 
Gollection of room-temperature PL is facilitated with use of compact, 
large numerica! aperture optical components, such as an X 10 microscope 
objective. This can be used to focus the incident laser light to a fairly 
small spot size (5 - 10 ~m), and to efficiently collect the collimate 
PL light into a narrow beam that can easily be directed to a silicon 
photo-diode some distance away. A dichroic filter or polarizing beam-
splitter can be used to separate incident laser light from the PL beam. 
Because of the superlinear power dependence of PL emission [6), fairly 
low power lasers (15 - 40 mW) are sufficient to give a good PL signal 
level. The incident pump beam is modulated to make use of lock-in detection. 
The signal from the lock-in amplifier is digitized and stored along with 
wafer position. The wafer is mounted on D.G. motor-driven stages that 
can raster in X-Y at about one scan line per second. 
DISGUSSION 
Photo-luminescence emission in GaAs at room temperature arises from 
direct electrbn-hole (e-h) recombination and consists of a broad, asymmetric 
emission spectrum, indicative of a degenerate electron-hole plasma. 
The PL line peaks at 1.37 eV and has a FWHM of 35 meV, due primarily 
to thermal broadening. Impurities in GaAs generally occupy states in 
the bandgap. These can promote other recombination channels that are 
non-radiative or result in radiation at wavelengths beyond the range 
of ouF detector. As a result, the PL emission efficiency is greatly 
reduced in the presence of electronically active impurities. Dislocations 
become "visible" because they act as intrinsic gettering centers (during 
boule formation and cooling) for non-radiative recombination centers 
which provide competitive e-h recombination channels and reduce PL emission 
efficiency. Thus, a single dislocation should have a dark core, as is 
the case in most semi-insulating indium-doped LEG GaAs. Semi-insulating 
LEG GaAs that is not doped with indium, generally has a much higher dis-
location density (104-lo5 cm-2). 
In this material, dislocations tend to conglomerate to form networks 
with characteristic cellular structures. Regions of high dislocation 
density ("cell walls") actually appear to have a higher PL emission effi-
ciency than regions where the dislocation density is much lower, as inside 
a "cell". This behavior can be explained in terms of intrinsic gettering 
to dislocation cores. The gettering process accumulates impurities and 
native defects [13,14) into each dislocation plane of misplaced atoms 
that forms a "wall". The disordered region (or "core") associated with 
a dislocation line is generally less than one micron in diameter [15) 
but getters impurities from a much larger surrounding volume of material, 
as much as 50-100 ~m away. Thus, individual dislocation cores are not 
usually visible within "cell walls", which appear as regions tens to 
hundreds of microns thick and have a much higher PL emission efficiency 
than do areas of relatively lower dislocation density in the interior 
of the "cell" (see Figs. 1 and 2). 
In Fig. 1 is shown a PL map over a full, 51 mm diameter LEG-GaAs 
wafer. The image is a high resolution reproduction of 1024 by 1024 picture 
elements with 256 gradations in gray scale. The dark lines correspond 
to regions of relatively higher PL signal as well as to regions of rela-
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Figure 1. PL variations over a 51 mm diameter semi-insulating LEC 
GaAs wafer. 
tively high dislocation density. The "cellular" structure, typical of 
this material, is clearly visible. An annular region located about halfway 
between the center and the perimeter of the wafer has an overall lower 
PL emission, and this is the region of lowest dislocation density. A 
few "cells" are shown in more detail in Fig. 2. Here the scanned field 
is 2 mm by 2 mm and the incident light is focused on the wafer to a spot 
size of - 15 ~m. Again the image is a high resolution reproduction of 
106 data points. The PL signal on the "cell" wall is generally twice 
that within the low dislocation density "cell" interior. 
The correlation between PL emission and transistor characteristics 
is demonstrated in Figs. 3a and 3b where variations in PL signal across 
the wafer of Fig. 1, along a line passing through its center and bisecting 
the flat, is compared with variations in threshold voltage Vth for 35 
Schottky barrier capacitors along the same line. Each capacitor is 
250 ~m in diameter and is made by ion i mplanting Si into the semi-insulating 
wafer, arsine annealing at 850 ° C, and evaporation of Ti-Pt-Au mesas. 
Because of higher spatial resolution, the PL line scan shows more detailed 
structure than is apparent from the capacitor array; nevertheless, a 
distinct correlation is clearly evident be tween relative PL variations (or r e lative variations in dislocation/contamination density) and Vth· 
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Figure 2. PL variations over a "cell" structure obtained by mapping 
a 2mm by 2mm section of a wafer. 
The average dislocation density in semi-insulating LEC wafers such 
as that of Fig. 1, is commonly in the range of 104 - 105 cm-2. In certain 
regions of these wafers, "lineage" is visible in which the dislocation 
density can be as high as 106 cm-2. In contrast, indium-doped LEC GaAs 
can be routinely grown with as few as 10-100 dislocations per cm2, at 
least in the certain regions of the ingot. An example of this is shown 
in Fig. 4 in a PL map of a 51 mm In-doped wafer. Notable in this figure 
is a set of dislocations that propagate along the length of the boule 
(axial dislocations) and a prominent and fairly high density of slip 
that outlines part of the perimeter. The slip generally propagates nearly 
along [110] directions. The contrast with Fig. 1 is striking. The dia-
meter of influence of axial dislocations, as seen in PL images, varies 
between 20 and 150 ~m depending on the material. The virtual absence 
of conglomeration of dislocations is typical in In-doped GaAs. High 
resolution PL maps of a portion of a field of axial dislocations is seen 
in Figs. Sa for a wafer from the seed end of the boule and in Fig. Sb 
for another wafer nearer the tail end. The scanned area in these figures 
is 4 mm by 4 mm and the same region is scanned in both wafers. The same 
set of dislocations is easily identified between these two wafers; however 
what is fairly unusual in these two scans is that the PL signature reverses. 
Most dislocations in In-doped GaAs display a PL signature as shown in 
Fig. 51, where the dislocation core is "dark" with a PL level generally 
about 1/2 that of the background. In Fig. 6b, however, the PL signature 
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Figure 3a, b. Comparison of PL variations along a horizontal line through 
the center of the wafer in Fig. 1 with variations in 
the threshold voltage of Schottky barrier diodes formed 
along the same line. 
is more structured. In this case, the PL level rises above the background 
in an outer annular region, decreases to about the background level in 
a second annulus, rises again in a third, and finally decreases again 
in the core. A similar behavior has been previously reported [10]. 
These differences in PL signatures may suggest possible differences in 
the indium concentration along the ingot or other parameters that can 
vary during crystal growth and can affect material properties. In this 
respect, PL signatures may provide useful information relevant to the 
growth environment of GaAs crystals. 
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Figure 4. PL map over a 51 mm diameter In-doped wafer showing a few 
axial dislocations and edge slip. 
a 
Figure Sa,b. High resolution PL maps over a section of a field of 
axial dislocations in two In-doped wafers; one wafer is 
taken near the seed end of the ingot (a) and the other 
is taken near the tail end (b) of the same ingot. 
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Figure 6a,b,c. PL maps over the same field of dislocations in an In-doped 
GaAs wafer, taken at lOK and at three wavelengths corres-
ponding to spectral peaks; 1.48 eV (a), 1.46 eV (b) and 
1.33 eV (c). The scanned width is 320 ~m horizontally 
across. 
In Refs. 1 and 6 we reporterl on PL maps of epitaxial GaAs lavers grown 
on semi-insulating GaAs substrates and those results will not be reproduced 
here. While epitaxial layers have the same dislocation pattern as the sub-
strates when viewed by etch-pit density, they appear uniform when viewed 
as PL maps, since dislocations which are undecorated do not appreciably 
affect PL efficiency. The impurities that surround dislocations in the 
substrate apparently do not diffuse appreciably in t o the epitaxial layer 
and decorate the dislocations therein . Apparently the native defects 
(vacancies, interstitials, antisites) also do not decorate dislocations 
appreciably in epitaxial layers. Therefore dislocations are not visible 
in a PL map of these layers. Ingo t-annea led bulk GaAs also appears uniform 
in photo-luminescence mapping because of homogeneously distributed defects. 
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Finally, spectrally resolved, low temperature PL maps over individual 
dislocations in In-doped GaAs are shown in Figs. 6a-6c. The sample was 
mounted in a small liquid helium dewar which was rastered on X-Y stages. 
The focusing and collimating optics is as described above. PL emission 
was spectrally resolved through a 1/4 m monochromator and detected either 
with a silicon or germanium photodiode. At 10 K, the PL spectrum consists 
of several emission peaks. The most prominent of these occurs at 1.48 
eV (Fig. 6a) and corresponds to direct e-h recombination. A second peak 
at 1.46 eV (Fig. 6b) is weaker than the first by a factor of 5 and is 
most probably associated with a carbon level. A much weaker structure 
than the first, by about 500, occurs at 1.33 eV (Fig. 6c) and indicates 
the presence of a deeper ·impurity state, possibly manganese. In Figs. 
6a-6c it is seen that the three emission peaks have similar PL signatures 
across the two dislocation cores in that at each wavelength the PL level 
in the core is lower than in the background. 
CONCLUSION 
We have shown that photo-luminescence images of GaAs wafers can 
be obtained at room temperature with high spatial resolution; that PL 
is a useful, non-contact and non-destructive tool that can be used to 
rapidly map defect densities within a micron of a GaAs surface; and that 
relative variations in PL emission correlate with variations in the elec-
trica! properties of Schottky barrier diodes. 
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